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Goals of Docking
Fitting a small mol ecular (drug
gmolecule) Into a pr otein
‘Docking two protein S together
‘novel inhibitor dis covery using

‘molecular databases

Things U need

1) Structures of pr otein/small molecul

Molecule Datab ases Method

|Protein/DNA  PDB x—ray,
NMR
{Small Molecules CSD X—ray

2) Software:

‘Program to do docki ng. Dock, AutoDock
fff Ludi, FlexX
3D—-Dock etc.

-3) Powerful Compute rs. CPU, disk—space
: etc.
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?s to ask before do cking:
Critical analysis o f the protein
structures

What to do with bou nd ions,

water molecules? Re move them?
Why?

Crystal structure — Rigid nature—
bound ions and wate r are held

In the active site. Are they
valid configuration S?

Resolution of the s tructure?

High resolution/the rmal factors

NMR: Which conforma tion/model
to choose?
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Loosely bound complex

'he docking activit y gives the protein S
he ability to prom ote and inhibit(or
iccelerate or preve nt) certain chemica I
eactions.

;;mportance:
esigning bioactive compounds,
“omputer—Aided Drug  design

... and many mor e
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Applications: Drug Design 4

iIV—Protease comple  x with tripeptide
hibitor

Things we know:

- a) HIV protease: enzyme in the AIDS virus, imp-
ortant for its replication

- b) Chemical reaction takes place in protease

- af an active site

- ¢) Inhibitor drugs bind to the active site and
block the functioning

. ?s we ask:

a) Binding affinity of the drug
- b) What has to be changed for better binding
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Drug Design

Immunophilin FKBP s oluble receptor
for the natural imm unosuppressant
drug FK506

Aim: Find strong-—bi nding ligands
that can substitute for the natural
FK506

HO
H,CO OCH,
OCH, Lin et al, JACS 200 2,124, 5632
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Accomodating Recept  or Flexibility 6

»

Figure 4. Location ol 2 and 9 in the docked complex. 9 was docked in
the presence of 2.

AMBER was usedtop erform MD &

snap—shot conformat lons were taken
and docked using Au toDock
ML

T T o
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Problem:
To find molecular binding sites
(hot—spots) by com puter

Why is it difficult?

2 Rigid molecules

6 degrees of freed om

(3—rotational, 3 translational)
In addition if you assume the
small drug sized m olecules to be
flexible (say 14 d egrees of free
dom)

1028 variations

Even difficult wit h
a SUPER COMPUTER!!
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Docking Manual
Docking

AuFomated Docking

Matching Mefhods

Prof. I.D. Kup¥z & co workers
OCSF

A%om based
Essential for sfrucfure
based dryg design

Prof. A. J. OJson & co workers
Scripps Research Instifute

Atom-based tools ar e usually slower
than the matching m ethods & consid-
ered also better be cos of the
assumed flexibility of the ligands.
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‘AUtODOCk ‘ Free for Academics

1990: Drs. David S. Goodsdll:
Arthur J. Olson ;

Garrett M. Morris;
Ruth Hue y; Scott Halliday
RikBelew
Scripps Research Institute
La Jolla , CA

Orginal Version: f7 7

Currently: C+ +

ver 3.0.5)

AutoDockTools

(ADT)
Free for Academics
Michel Sanner & Rut h Huey
Scripps Resarch Ins titute
GUI to prepare and submit jobs
for AutoDock
Code written in Python
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Docking Problem:

Continuous function
Domai n Range

earch Techniques:

cal: Operation which ite ratively

Improves its estimate of minimu
by searching for better solutio
In a local n eighbourhood of
current solu tion

obal: Wil perform a soph Isticated
search acro ss several multiple
logal minim um

O

Optimization
G@bal minimum or maximimu
of a fu nction with
followi ng properties:

10

m

ns

S.Ravichandran, Ph.D., ABCC, NCl-Frederick, MD; sravi@ncifcrf.gov



Scoring the bound ¢ omplex 11

Energy = Vydw * Veoul t Vhb

VVdW: Z 48” [(’A‘ij/r i )12_(Bij/r i )6]
)

V coul — Z (qQ)/[4T[£(r)80r| j )

Pairwise
AdditivdConst dielectric or dista nce dependent)

H- bonding 12-10 fo rm is used

mpirical relations hip between molecul ar structure

nd binding freee e nergy
G= Kvaw* WVaw+ Khp * Vb + Kele * V coul
+ Ktor * Vior + Kgol * Vso|

Coefficients ar e empirically deter mined using
linear regressi on analysis from a set of
Protein—ligand complexes with know n binding

constants.
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1D Rep.

Rxn. Coordinates
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Thermodynamic Cycle of E & | binding | n both 13
Vacuo and solvated phase S

A

. @Gbinding,Vaio - @

OAGSOIV(EH) ACqo1y(EN) +H2 O

~ AGbind+solv
® O
_|_
\_O
> O

Solvent

S.Rawchandra_n. ABC (Representation is based on
NCI, sravi@ncifcrfgov AutoDock Manual)
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2

1

‘ 3 1 2

s 4
&

7 .
O Model Ligand
Lyt (NL = 4)
9

Model Receptor
(NR = 10)

nergy Calculation:
11 12 13 14 15 16 17 18 19 110

21 22 23 24 25 26 27 28 29 210
31 32 33 34 35 36 37 38 39 310
41 42 43 44 45 46 47 48 49 410

Total Terms = NL * NR

To deal at each sim ulation step
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Example:
Receptors
1000 or mo

million

so, 19000 *
per Simulation

How to avoid this C
Heaviness without |

AutoDock uses GRID(
he energies due to
f the ligands and

hese grids are lik
nd used to lookup
nergies later

he Grid Method mak
alculations indepe
Ize (number) of th

(1000 X 19 =

AutoDock we will be
steps on GA

Millon

15

Biotin has 19 atoms

of the range of
re atoms

19000) terms !

doing

Interactions

omputational
osing information?

S) to precalculate
all the atoms
store them.

e LOOKUP-TABLES
the interaction

es the energy
ndent of the
e Receptor!!
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That is all OK,
What is a GRID?

Imagine the ligand
has 4 atoms of 3 at om !
types @ @ @

Y

1-D Rep.

N o w A~ 01O
o @ @ @ © ¢ o
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Possible Maps for t he model 17
Ligand

e O @ ©© o o

@ C‘ @ @
@ @ @ @
@ @ O @
O ' @ O
@ @ @
@ @ ©® O @
@ . QO @
@ @ @
@ @ O @
@ ’ @@ O

3 @ @ O © @

Electron

r one can do MAP

PB calculation {f yc;udwant
O Stuay
calculate (P) Electrostatics?
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Automated Docking 18

Conflicting Requirements

a) desire for a robust and physically relevant
procedure

b) Computation demands at a reasonable
level

Static Receptor — Mobile small drug molecule
Grid—based model

R /"m\\ et AL ‘

£l
M B

Y
i
y
Ny

i 2
GER

i
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. 19

a) Simulated Annealing:
b) Genetic Algorithms:

Annealing is a praess in which
temperate of the substaras
reduceslowly) until the
materiatrystallizes in a&ingle
crysta{usually correspais to
global nMmimum free—energy)

Simulated AnnealingComputational
method of mimickingannealing.

SA can be used taodooth global and
local search. Globat high Temperate
and local at low teperatures.

1-D Representation

S.Ravichandran, ABC
NCI, sravi@ncifcrfgov

Rxn. Coordinates



Sinulated Appealing

20

Cycle

Random changes Fo l{gand posifion,
orientation and/oxr conformation

Compute new E‘1

) Is E; is Jower Thap Eg?

-1
/@5

Accept The
changes

N(f

accepted with

orob oS AEKk BT

s The pumber of accepFances or
rejection are within the chosen number?

Yes

No
QOOOO @) *
OO o

®
§ End Cycle

OOOO %OO C]z. Doas random

walls around
Ligand '”)C’» raoep'l'or
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Evolwl'tonar;g CompuFing

|. Rachenberg 1960

Genefic Algort’l'bm

/7 (ideas taken from
. V4 Natural Genetics
\etic Programming & Biological Evolu
| tion)

Darwin, John Hollan d, 1975
John Koza, 1992....

iving Organism

| _ _p Same set of
Chromosomes
(strings of DNA)

\\L
Serves as a
model for
the whole
organism

‘Genetic Algorithmsare usually
used to carry out I8bal Search ~ ©€"es
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Hybrid Genefic AlgoriFhm

ow [,ig') Set of solutions ( Populations
or Chromosomes )

"

Vba’l' are Generate population of
chromosomes? | nchromosomes

¢

‘i.’.ba’r fa 5| Evaluate the fitness f(xi)

"

ssove,r w ofFen? Create new population

LFation Zgw offen? Elitsm Selection
lifsn? Selection? Crossover Mutation
No ¢

Is Termination Condition
(Max # of Energy Eval.
or Generations) satisfied?

No Explicit y Yes

Termination condibns
S.Ravichandran, ABC @
NCI, sravi@ncifcrfgov
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Position &
Orientation

Different
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nsl.Gene  Rot. Gene Torsion Gene

Generation

apping translates genotypes—phenotypes
fitneSS to calculate E

based on worst energy individuval
2—point crossover

+

; - -

Autation  random changes to variables

| using Cauchy distribution
litism How many top individuvals

—5 urvive into next generation?



rossover —point crossover 23

Parent 1

+

Parent? N

Offspring R WS

2

1

&
S

2 offsprings

:

&
S
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Issues with GA:

1) Premature conver gence

2) Too long for con vergence
How many runs?
How many energ
evaluations?

3) Choice of parame ters
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Evolufionary Search 21

nitialize populati on
Repeat
Evaluate Solutions In the popul-
ation
Perform Compet itive Search
Apply Genetic Operators
Perform Local Search
ntil Convergence C riteria Satisfied

Psevdo Code for GA

Ph.D. Thesis of
W.E. Hart (1994)
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AutoDock Tools (ADT)

Freeware Dr. Micheal Sanner

Molecular Graphics Lab

Scripps Research Institute
LaJolla, CA

T provides GUI interface for setting up and using
toDock

p:/lwww.scripps. edu/pub/olson-web/p eople/sanner

1) Sybyl
Receptor:

PDB -> Add essential H —> Fix charges Kollman
United charges —> save as Mol2 file

Ligand:
PDB -> check for atom types —> add all H —>

fix charges —> save as mol2 file

2) type adt at the system prompt
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AutoTors

1) Read the ligand molecule

2) Use Autotors to setup the tree and brances
3) Toggle torsion activity

4) Aromatic Carbons C—> A

5) Non-Polar hydrogens (merge or restore)

AutoG pf (grid parameter file)

1) Read the macromolecule

2) If the solvation parameters are not added
ADT queries whether to add them, if you
say yes, it converts the mol2 file to pdbqs
file

3) Set Map types

4) Set grid maps

5) Write GPF or edit GPF
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Autonf (docking parameter file)

1) Read the macromolecule

2) Read the ligand

3) Select Docking algorithm
4) Set docking run parameters

5) write or edit DPF file

Start

1) Start AutoGrid
2) Start AutoDock
3) Options to submit jobs in other SGIs
4) Cancel the jobs
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Streptavidin/Biotin

(1stp) (2.6 Ang Re

31

Test Case

sol)
Weber et al 1989

‘ Biotin

Autogrid:

Number of points:

116, 104, 124 (x,y),

117 X 104 X 124 = 308832
S Grid Spacing= 0.375 Ang.

CooH

Map types C,H,N,5,0 &e

CPU Time: 7.53s Au

Elitism =

rate of mu

toGrid

1, Cross—over rate
tation = 0.02, GA_n

Octane SGI workstain

Docking: LGA-LS, Po pulation Size = 50;

=0.8
um_evals 250000

Mean Docked
En ergy

Ref.
RMSD

Number in
Clust er

Est Free Ene.
of Binding

-10.46

6 0.39 9.03

Time: 3m 25.13s

Octane SGI workstatn
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Streptavidin/Biotin complex (1stp)
P.C. Weber, D.H. Ohlendorf, J.J. Mendolowski, and F.R Salemme (1992)
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Bound Conformation Violet
Lowest Energy Confo rmation Red
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Things to know:

Not possible to fin d whether a
ligand will bind wi th millimolar,
micromolar or nano— molar binding
constants

Genetic Algorithm m ethods are non—
deterministic (suce ssive runs may
not produce the sam e answer).

Also there is no gu arantee that the
solution identified by GA will be

the best solution.

cul Lin]

Ttp://wd.To/dautodock

Tp: /mciivis.ncifcrf gov /o ravichas /docking

Wappy Dodkityg
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